Introduction {#S0001}
============

Etomidate was widely introduced into clinical practice as a procedural sedation drug and a rapid sequence intubation (RSI) agent. Several properties, such as stable cardiovascular profile and minimal respiratory depression, make etomidate an attractive substitute to propofol in patients with compromised hemodynamic or cardiac reserves.[@CIT0001],[@CIT0002] However, intravenous bolus administration of etomidate is often associated with myoclonus, with a reported incidence up to 80% in unpremedicated patients.[@CIT0003],[@CIT0004] Etomidate-induced myoclonus may lead to the accidental dislodgement of intravenous access and monitoring devices and increase oxygen consumption and the rate of reflux aspiration, posing vital threats to patients with coronary artery disease and intracranial aneurysm. In addition, myoclonus complicates the procedure for which the patient is being sedated and most critically leads to difficulty in airway management in RSI.

Even though the study by Voss et al suggested that myoclonus induced by etomidate may represent a seizure-like activity,[@CIT0005] the mechanism of etomidate-induced myoclonus is still unclear. Several studies have shown that opioids, such as fentanyl and dezocine, could decrease the incidence of etomidate-induced myoclonus, while the risk of side effects, such as apnoea and chest wall rigidity, was significantly higher than that in the control group.[@CIT0006],[@CIT0007] Butorphanol, a new opioid receptor agonist--antagonist, plays an antiseizure role through primarily binding to and modulating *κ*-receptors,[@CIT0008] and several clinical trials have pushed for more study of the prevention of etomidate-induced myoclonus by use of butorphanol. However, no individual meta-analyses have focused on this topic to provide comprehensive evidence. Therefore, we conducted this systematic review and meta-analysis of randomized controlled trials (RCTs) to evaluate the hypothesis that butorphanol prevents etomidate-induced myoclonus.

Materials and methods {#S0002}
=====================

Search strategy {#S0002-S2001}
---------------

Two authors independently searched the Embase, PubMed, Cochrane Library, and China National Knowledge Infrastructure databases for relevant RCTs in January 2019 without language restriction. The references of the identified studies were also searched for any further relevant studies. The search terms included butorphanol, etomidate, and myoclonus, and the following search was fulfilled in PubMed: (\[myoclonus\] OR \[myoclonic movements\]) AND \[butorphanol\] AND \[etomidate\].

Eligibility criteria {#S0002-S2002}
--------------------

We included RCTs studying butorphanol for the prevention of etomidate-induced myoclonus, while the control group received an equal volume of saline. Studies were excluded for the following criteria: 1) non-RCTs; 2) retrospective studies; 3) review and case reports; 4) without target outcomes of interest; and 5) etomidate was applied for procedural sedation. The primary outcome was the incidence of etomidate-induced myoclonus, and the secondary outcomes included the incidence of myoclonus at various degrees and the incidence of adverse effects. The intensity of myoclonus was similarly graded in each study and defined as follows: 0, no myoclonus; 1, mild myoclonus (short contraction of some muscle fibers, eg, a finger or shoulder); 2, moderate myoclonus (contraction of different groups of muscles, eg, face and leg); and 3, severe myoclonus (intense clonic movement in two or more muscle groups, eg, fast adduction of a limb or whole body movements).[@CIT0009] All the included studies used the grading system above.

Data extraction {#S0002-S2003}
---------------

One author extracted the following data from each trial by using standard data tables, and a second author checked the following data: 1) first author and year of publishing; 2) country; 3) sample size; 4) outcome measures (overall incidence of myoclonus, and degree of myoclonus); and 5) details of the intervention. Disagreements were discussed between the two authors, as well as a third author if necessary. We emailed the trial authors for further clarification if the data were missing or unclear.

Quality assessment {#S0002-S2004}
------------------

Two authors independently assessed the methodological quality of the included studies according to the Jadad scale (studies with 1--3 points were classified as low-quality publications and studies with 4--7 points were classified as high-quality publications).[@CIT0010] The following items were evaluated for each study: 1) whether randomization was performed and whether the method was correct; 2) whether allocation concealment was used and whether the method was correct; 3) whether blinding was performed and in whom the method was used; and 4) whether there were withdrawals or dropouts.

Statistical analysis {#S0002-S2005}
--------------------

RevMan 5.3 software (Cochrane Collaboration, London, UK) was used to conduct all statistical analyses. The incidence of etomidate-induced myoclonus and its degrees were reported by risk ratio (RR) and 95% CIs. Heterogeneity of the included studies was assessed with the *I*^2^ statistic, and *I*^2^\>50% was regarded as significant.[@CIT0011] Considering the heterogeneity between trials with respect to different doses of butorphanol administered to prevent etomidate-induced myoclonus, we used the random-effects model to calculate pooled effects.

To test the robustness of the pooled results, sensitivity analysis was performed by using both the random-effects and fixed-effects analysis models.

Results {#S0003}
=======

Characteristics of the included studies {#S0003-S2001}
---------------------------------------

We identified 65 potentially relevant studies in the initial search, and 6 of these studies[@CIT0004],[@CIT0012]--[@CIT0016] were eventually included in the meta-analysis based on the inclusion and exclusion criteria. [Figure 1](#F0001){ref-type="fig"} shows the screening process and results. The basic characteristics of all of the included studies are shown in [Table 1](#T0001){ref-type="table"}.Table 1Characteristics of the studies included in the meta-analysisFirst authorPublished yearCountrySampleGroupingDose of etomidateIncidence of myoclonusJadad scoreTotalMildModerateSevereZhao[@CIT0015]2008China50Butorphanol 2 mg0.3 mg/kg2200250Normal saline4171816Ren[@CIT0016]2013China50Butorphanol 15 µg/kg0.3 mg/kg8431350Normal saline3771119He[@CIT0004]2014China54Butorphanol 15 µg/kg0.3 mg/kg7331754Normal saline4371125Zhang [@CIT0004]2015China40Butorphanol 15 µg/kg0.3 mg/kg5410340Normal saline3251215Zhang [@CIT0012]2015China50Butorphanol 15 µg/kg0.3 mg/kg7520750Normal saline37151210Yan[@CIT0013]2015China60Butorphanol 20 µg/kg0.3 mg/kg3210260Normal saline439826 Figure 1Eligibility of studies for inclusion in meta-analysis.

Incidence of etomidate-induced myoclonus {#S0003-S2002}
----------------------------------------

All 6 RCTs, involving a total of 608 patients, reported the incidence of etomidate-induced myoclonus. The incidence of etomidate-induced myoclonus in the butorphanol group and in the control group was 10.5% and 76.7%, respectively. Heterogeneity was not found among the studies (*I* ^2^=24%). The results showed that butorphanol could significantly decrease the etomidate-induced myoclonus compared with the control group (RR=0.15, 95% CI \[0.10, 0.22\], *P*\<0.00001) ([Figure 2](#F0002){ref-type="fig"}).Figure 2Butorphanol reduced the incidence of etomidate-induced myoclonus.

Severity of etomidate-induced myoclonus {#S0003-S2003}
---------------------------------------

### Mild myoclonus {#S0003-S2003-S3001}

All 6 RCTs, including a total of 608 patients, reported a degree of mild myoclonus.

The incidence of mild myoclonus was 20 of 304 (6.6%) in the butorphanol group and 50 of 304 (16.4%) in the control group, respectively. No statistical heterogeneity was found among the study results (*I* ^2^=0%). The results showed that butorphanol could significantly decrease the incidence of etomidate-induced mild myoclonus compared with the control group (RR=0.41, 95% CI \[0.25, 0.68\], *P*=0.0005) ([Figure 3](#F0003){ref-type="fig"}).Figure 3Butorphanol reduced the intensity of etomidate-induced myoclonus: mild myoclonus.

### Moderate myoclonus {#S0003-S2003-S3002}

All 6 RCTs, including a total of 608 patients, reported a moderate degree of myoclonus.

The incidence of moderate myoclonus was 10 of 304 (3.3%) in the butorphanol group and 72 of 304 (23.7%) in the control group, respectively. No statistical heterogeneity was found among the study results (*I* ^2^=0%). The results showed that butorphanol could significantly decrease the incidence of etomidate-induced moderate myoclonus compared with the control group (RR=0.18, 95% CI \[0.09, 0.34\], *P*\<0.00001) ([Figure 4](#F0004){ref-type="fig"}).Figure 4Butorphanol reduced the intensity of etomidate-induced myoclonus: moderate myoclonus.

### Severe myoclonus {#S0003-S2003-S3003}

All 6 RCTs, including a total of 608 patients, reported a degree of etomidate-induced severe myoclonus. The incidence of severe myoclonus was 2 of 304 (0.6%) in the butorphanol group and 111 of 304 (36.5%) in the control group, respectively. No statistical heterogeneity (*I* ^2^=0%) was found. The results showed that butorphanol could significantly decrease the incidence of etomidate-induced severe myoclonus compared with the control group (RR=0.04, 95% CI \[0.01, 0.10\], *P*\<0.00001) ([Figure 5](#F0005){ref-type="fig"}).Figure 5Butorphanol reduced the intensity of etomidate-induced myoclonus: severe myoclonus.

### Adverse effects {#S0003-S2003-S3004}

Four studies[@CIT0012]--[@CIT0015] reported incidences of nausea/vomiting and dizziness, and no statistical heterogeneity was found among the study results (*I* ^2^=0%). No differences were observed in the incidence of nausea/vomiting between the two groups (RR=3.0, 95% CI \[0.32, 28.42\], *P*=0.34) ([Figure 6](#F0006){ref-type="fig"}). Additionally, there was no significant difference in the incidence of dizziness between the two groups (RR=6.79, 95% CI \[0.84, 54.84\], *P*=0.07) ([Figure 7](#F0007){ref-type="fig"}).Figure 6Forest plot for the incidence of nausea/vomiting with and without butorphanol.Figure 7Forest plot for the incidence of dizziness with and without butorphanol.

Sensitivity analysis {#S0003-S2004}
--------------------

A fixed-effects model was used to perform the meta-analysis, and sensitivity analysis did not alter the pooled results, indicating the robustness of the pooled results ([Table 2](#T0002){ref-type="table"}).Table 2Sensitivity analysis of included studiesOutcomesFEMRR (95% CI)*P*-value*I*^2^Incidence of myoclonus0.14 (0.10, 0.19)\<0.0000124%Mild myoclonus0.40 (0.24, 0.65)0.00030%Moderate myoclonus0.14 (0.08, 0.27)\<0.000010%Severe myoclonus0.04 (0.01, 0.09)\<0.000010%Nausea/vomiting3.00 (0.32, 28.42)0.340%Dizziness7.00 (0.88, 55.98)0.070%[^2]

Discussion {#S0004}
==========

This systematic review described the effects associated with the administration of butorphanol in a total of 608 patients in 6 RCTs. The meta-analysis showed that the incidence of etomidate-induced myoclonus associated with the administration of butorphanol was significantly decreased (RR =0.15, 95% \[CI\] \[0.10, 0.22\]). We also found a lower incidence of etomidate-induced mild, moderate, and severe myoclonus associated with the administration of butorphanol, without nausea, vomiting, and dizziness.

Etomidate-induced myoclonus is an undesirable complication during anesthesia induction. It is not only a challenging situation to anesthesiologists but also threatens unpremedicated patients.[@CIT0017],[@CIT0018] The precise mechanism of etomidate-induced myoclonus remains unclear, although numerous studies have been conducted on this case.[@CIT0005],[@CIT0019]--[@CIT0022] One possible mechanism is that myoclonus may be a form of convulsive seizure, similar to the mechanism of epilepsy.[@CIT0005],[@CIT0019] In addition, some studies have suggested that large doses of etomidate may inhibit the cerebral cortex before depressing subcortical neurons, resulting in myoclonus. Etomidate may also inhibit the central nervous reticular activating system, allowing the occurrence of autonomic nervous conduction by acting on the γ-aminobutyric acid receptor.[@CIT0020] Furthermore, several clinical factors, such as gender, age, and preoperative anxiety, have been implicated in the causes of myoclonic movements.[@CIT0021],[@CIT0022]

Butorphanol, a mixed opioid receptor agonist--antagonist, mainly binds to and modulates κ opiate receptors, and the administration of butorphanol for preventing etomidate-induced myoclonus has been used for many years in daily clinical practice. Compared with μ-opioid receptor agonists, such as fentanyl, sufentanil, and remifentanil, butorphanol seems to be more appropriate in relieving etomidate-induced myoclonus for lower incidence of induced respiratory depression and chest rigidity.[@CIT0023],[@CIT0024] The results in our meta-analysis also acknowledged butorphanol-associated reductions in myoclonic movement, despite the site of inhibitory action being obscure. The mechanism of butorphanol to prevent etomidate-induced myoclonus during anesthesia induction may be that the κ-receptor agonist produces a strong anticonvulsant effect[@CIT0008] and interacts with a variety of neurotransmitter systems involved in antiseizure activity,[@CIT0025] such as *n*-methyl-d-aspartate receptors, γ-aminobutyric acid a--benzodiazepine coupled receptor system, and γ-aminobutyric acid receptors. The fact that pretreatment with butorphanol for decreasing myoclonus may affect intraoperative opioid consumption and recovery quality must be considered. However, all outcome measures indicated in the published trials were limited merely to the anesthetic induction, and few studies examined adverse effects associated with the administration of butorphanol during the recovery period. The absence of data regarding the effects of butorphanol provides an opportunity for future research.

Several potential limitations related to this meta-analysis must be acknowledged. First, the sample size was relatively small. Second, the included studies were only from China, and consequently data from foreign language publications and unpublished studies may be deficient. Third, the dose of butorphanol and observation period was different across studies; further studies are necessary to determine the optimal dose of butorphanol and length of observation. Fourth, there is too little data regarding the adverse effects, such as hypoxia and aspiration, which are the most common complications of using butorphanol. Therefore, the safety of butorphanol for preventing the etomidate-induced myoclonus needs to be further explored. All these limitations may affect the objectivity and reliability of the systemic evaluation; therefore, more high-quality, large-sample studies are required to confirm the present findings.

In summary, the currently available evidence showed that pretreatment with butorphanol can decrease the incidence of etomidate-induced myoclonus and ease the severity of myoclonus. In addition, it did not increase the incidence of dizziness and nausea/vomiting. Further studies focusing on the safety of butorphanol for preventing the etomidate-induced myoclonus are still needed.
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